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• Overview of Technology

• A three party-development project

• Roche Applied Sciences who at the time
had licensed ACEA xCelligence impedance
products

• Cellular Dynamics International

• Roche Pharma

• Robust, reproducible in vitro assay for
arrhythmia

• Widely cited paper (48x as 2/28/14)

• Adopted by numerous pharma

• Offered at several CROs

• Part of a larger effort to change TQT (E14)
and in vitro safety pharmacology
guidance (ICH7B)
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Project Summary



Fear of Arrhythmia 
#1 reason for discovery and  development attrition

 ~10 drugs pulled from market based on torsades de pointe

 Regulatory Guidance documents ICH7A and 7B proscribe a new host of cardiovascular 
safety approaches
 hERG screening – ex vivo preps – in vivo animal models – ECGs – Thorough QTc trials

 Two consequences –
 no drug induced torsades

 a lot of beneficial drugs not marketed

 Early screening relies heavily on hERG
 hERG block ≠ QT prolongation

 hERG block  ≠ arrhythmia

 QT prolongation  ≠  arrhythmia

 Arrhythmia can be independent of hERG

 Cardiovascular safety and regulations could be better

 HESI and CIPA
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↓Ikr (hERG) ↑QT TdP

Cardiovascular Safety Pharmacology
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The Genesis of the Project
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xCELLigence RTCA-Cardio System

• Real time, non-destructive, continuous data

• Monitors cardiotoxicity and cardiomyocyte beating

• Highly sensitive

• Simultaneously assesses

• cell viability 

• properties related to contraction  

• 96 well format

• Enables short term (msec) and long term (days or      

• weeks) measurements in a single assay 

• Why Impedance vs MEA?

• Collaboration with Roche Applied Sciences

• At the time, higher throughput (96 vs 6)

• Treat and collect data for days vs hours

6



7

96-well E-eplate
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Confirmation of Cardiomyocyte Nature

hIPs Cardiomyocytes
Express major cardiac proteins
Exhibit cardiac action potential wave forms
Functionally active cardiac channels
Respond as expected to channel blockers

Ma et. al Am J Physiol Heart Circ Physiol. (2011) High purity human-induced pluripotent stem cell-derived cardiomyocytes: electrophysiological 
properties of action potentials and ionic currents

cTNT / MLC cTNT / MHC

Sarcomeric a-actinin 
(Vala Sciences)
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Drug-induced changes in beat rate
Indication of functional cardiac ion channels

Control

Agonist of β-

Adrenergic 

Receptor

Na+ Channel Blocker

Pace-maker 

Current Blocker

xCELLigence: Impedance MEA: Electrical Field
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Does impedance detect the physical beating or the 
electrical changes? 

Pre-drug

Blebbistatin:

Blocks myosin II in an actin-detached state
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Human Cardiomyocytes Arrhythmia Risk (hCAR) Model
iPSC derived human cardiomyocytes
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IB20= lowest tested concentration 
resulting in 20% irregular beats

R I T      IBR 

12 0 12  0

11 3 14  0.21

4 28 32   0.88 
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In vitro Detection of Arrhythmias with Human 
iPSC-Derived Cardiomyocytes  

Pre-drug Post-drug
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Impedance Arrhythmia Rescue with Calcium Channel Block

DMSO + Nif

E-4031+ Nif

Functional Rescue of Drug-induced Arrhythmia

DMSO

E-4031

Nifedipine rescues  E-4031-induced arrhythmia

E-4031 causes arrhythmia



hCAR Initial Assay Validation:
determine in vitro to in vivo correlation

•12 Pro-arrhythmic
• 11 Non-arrhythmic
• IB20 30 uM

• One False Positive
• No False Negatives

• IB20= lowest tested
concentration
resulting in 20%
irregular beats

Drug
IB20

(µM)
hERG QT

Clinical

arrhythmia
Dofetilide 0.003 (+) (+) (+)

Ouabain 0.03 (-) (-) (+)
Aconitine 0.03 (-) (-) (+)

Cisapride 0.03 (+) (+) (+)

E-4031 0.03 (+) (+) (+)

Astemizole 0.03 (+) (+) (+)

Terfenadine 0.3 (+) (+) (+)

Flecainide 1 (+) (+) (+)

Alfuzosin 1 (-) (+) (-)

Thioridazine 3 (+) (+) (+)
Quinidine 10 (+) (+) (+)

Erythromycin 30 (+) (+) (+)

Sotalol 30 (+) (+) (+)

Fluoxetine >30 (+) (+) (-)

Verapamil >30 (+) (±) (-)

Moxifloxacin >100 (+) (+) (+)
Amiodarone >100 (+) (+) (+)

Ranolazine >100 (+) (+) (-)

Captopril >100 (-) (-) (-)

Rofecoxib >100 (-) (-) (-)
Amoxicillin >1000 (-) (-) (-)

Aspirin >1000 (-) (-) (-)
Nifedipine >3 (-) (-) (-)

14

Guo et al. Toxicol Sci. 2011 Sep;123(1):281-9.



E-4031
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 Rapid sustained effect of E-4031 on arrhythmia

 Terfenadine - with arrest of beating and late onset arrhythmia

 Longer term assessment improves accuracy

hCAR Assay Validation:
Onset time of IB20  varies
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 Expand the dataset

 More positives and negatives, toxicants, hERG 
trafficking inhibitors

 Fine tune the prediction

 delayed beat rate in vitro predicting QT prolongation

 atypical beats in vitro predicting arrhythmia

 Examine onset time of IB20

 Improve the metrics

 IB20 as well as threshold cutoffs

 In vitro efficacy benchmarks

 Investigate potential confounding effects of 
cytotoxicity

hCAR Second Paper Goals
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83 Compounds

~82% -- arrhy. prediction

>90% -- QT prediction

Human Cardiomyocytes Arrhythmia Risk (hCAR) Model

Next Round of Validation

30 Internal 

Compounds

80% -- arrhy. prediction

95% -- QT prediction



• Assay
• Confirmation of effects using MEA
• Confirmation of dose response
• Multiple time points

• Cells
• Express relevant ion channels and are functionally similar
• Respond to known drug standards
• Assessment of lot to lot performance
• Assessment of interassay drug response

• Publications
• Cross-site, cross-investigator correlation

• Industry Adoption
• CDI developed standard protocol
• Extensive lot to lot characterization

• Pharma and CROs have run internal assessments

• Unknown/Test Compound
• Inclusion of multiple dose and time points
• Inclusion of at least 1 positive control

18

Internal and External Validation



 Highly predictive in vitro model to identifies compounds that cause 
QT prolongation and/or arrhythmia clinically

 High through-put, real-time, non-destructive

 Minimal compound requirements, fast turn-around, low technical rigor

 Longer experiments identify indirect arrhythmia mechanisms

 Provides context to hERG inhibition values

 Verification/Validation of technology and cell performance

 Across sites

 Across labs

 Across compounds

 Across lots of cells
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Human Cardiomyocyte 
Arrhythmia Risk (hCAR) Model: Summary




